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emphasize the selfcompression of a cylindrical plasma column, situated in an axially symmetric and initially homogeneous external magnetic field.
The selection of such a symmetry for our problem was motivated by the need to realise a suitable agreement with the experimental data obtained in some previous papers [1, 2, 3] . According to these results, during the first compression and expansion stages, the most interesting parameters of the plasma depend on only a single coordinate, the column radius.
We shall be working with the M.H.D. plasma model.
It is worth noting that such a model is valid only in the case of a sufficently dense plasma ; this simply means that the mean free path of the particles must be much less than the column radius and the Debye radius much less than the mean free path.
Amongst the dissipative processes we are primarily concerned here with the electron heat conductivity, the ion heat conductivity, the energy exchange between ions and electron and the ion viscosity.
The dissipative coefficients were calculated for a fully ionized plasma.
If the M.H.D. applicability conditions are fulfilled as a result of the column compression, there appears a shock wave, converging towards the column axis. Our object in this paper is to find the shock wave structure or the change of the most important plasma parameters by passing through the shock wave.
The problem of plasma compression for the steady case, where some mean free path phenomena, such as viscosity and heat conduction are neglected was considered in previous papers [4, 7] .
(*) This work was supported by the Roumanian State Committee of the Nuclear Energy.
The same problem, in the absence of an external magnetic field, and taking into account the mean free path phenomena was studied in [8] .
The consideration of these parameters enables us to study the structure of the shock wave, which is now to be considered not as a gap in the physical quantities, but rather a continous change in the last ones during the shock.
It is of interest to describe the phenomena in the domain around the column axis for the cumulation moment when all plasma parameters reach very high values.
In order to lay a groundwork for our discussion, it is worth noting that the manner in which the boundary conditions are formulated plays a very important role.
The following remark should be made : the particle losses through the column surface will be neglected.
It is necessary to specify the magnetic field value on the boundary.
The problem treated here is highly simplified for the case of a current carrying region with an infinite electrical conductivity. This is in good agreement with those experiments for which there is a small penetration of the magnetic field into the plasma.
On the boundary, the magnetic pressure on the plasma field must equal the sum of the plasma pressure, the radial component of the viscous term and the magnetic pressure due to the longitudinal magnetic field in the plasma.
The heat flow through the external surface and the effect of the magnetic field on the transport coefficients will be neglected, except for the electron heat conductivity.
In agreement with the experimental data, the majority of the plasma compression phenomenon occurs during the stage when the electrical current through the plasma changes very little.
In other words, to a good approximation, it lies in the maximal value domain.
Thus, in all the problems, we consider the electrical current to be a constant quantity and, the electrotechnical equations may therefore be omitted.
This model is useful in that it provides a detailed description of the hydrodynamical quantities, characterizing plasma compression phenomenon. [10] .
All relations are expressed using the C.G.S. system of units. The form of the equation system [9] [10] [11] [12] [13] [14] is complicated, involving a great number of parameters, and for the sake of simplicity, we seek adimensional expressions for the parameters. To solve this problem, it will be necessary to define the following parameters :
po is the initial density of the plasma column, Ro is the initial radius of the plasma column, and Jo is the current carried by the plasma. According to the notations (17) we find , It may be easily seen that the system (18)-(23) incorporates two parameters r1 and f3 whose form is.
It should be noted that, for different initial boundary conditions, it is possible to find more than two parameters.
In this paper, an attempt is made to arrive at a theoretical understanding of the effect of a longitudinal external magnetic field on the compression of a fully plasma column of infinite electrical conductivity.
In these conditions, the system of eq. (18)- (23) Here, we have used :
These quantities have been calculated for D2 gas (Z = 1 ; m = 3.34 x 10-24 g/cm3).
Obviously, there is an important difference between our problem, and the treatments in which the external magnetic field is absent.
System (26)- (28) In our case, the boundary notion involves both the external surface of the plasma column and the column axis and the limiting conditions for both ranges of plasma column must be considered. It has already been mentioned that the plasma column is thermally isolated, and heat loss across the external surface is therefore absent. According to some workers [8] , the large values of a correspond to large ion free mean paths and the whole compression process is carried out continuously, without any shock wave.
There is a temperature equalisation throughout the entire plasma column.
For the limiting case ot ---&#x3E; oo we obtain the steady solution of the problem where the temperatures are supposed to be equal throughout radial dimension of the plasma column.
The value of a chosen by us lies in the range where the ion free mean path is sufficently small that the compression phenomenon will be associated with the appearance of a convergent shock wave.
In the front of this shock wave the characteristic parameters are undergoing important increases.
It is worth noting that for smaller values than the characteristic one, we are also looking for solutions of the typical form of a convergent shock wave.
Before considering the analysis of the results for the first compression stage, concerning the numerical calculations, some remarks are to be made.
The code to be used in this paper is a two step, Lax-Wendroff method [15] For the sake of simplicity, we examine the adimensional form of the variables.
In order to obtain the adimensionalisation, it is necessary to seek the quantities for which this process is carried out.
In figures 1-4 , the variations of the quantities : plasma velocity -U, density -u, ion temperature T, and electron temperature 0, are plotted for the situation (40b) with axial magnetic field. Figure 2 shows an increase of (1 from the centre of the plasma column towards the edge and also a large peak of the density is found near the boundary.
The curves in the figure 3 show the ion temperature behaviour for the later period of the compression stage and include two maxima, the second being less distinctly marked.
We also remark that two peaks occur in the electron temperature curves of figure 4 . For the electron temperature, the second peak is more pronounced than that corresponding to the ion temperature.
There is a plausible explanation for this behaviour in terms of the presence of the term describing the exchange energy between ions and electrons. This term is proportional to (T -0) and depending on the temperature difference in several points of the plasma column, there is a certain amount which is to be added or substracted from the temperature values leading thus to the second maximum occurence.
In the same way, the appearance of the second maximum, more pronounced for the electron temperature, is to be explained in terms of the greater ef'ect of the exchange term, in the eq. (28).
Apart from this term, the ion temperature estimation also contains the viscosity. The next set of figures 5-8- In such a plasma, the axial magnetic field affects the compression phenomenon by means of a magnetic pressure which, together with plasma kinetic pressure, opposes the compression due to the magnetic piston created by the azimuthal field.
In this respect, as expected, the influence of the additional magnetic pressure of the axial magnetic field is not an appreciable one, as long as the compression does not reach great enough values. In the next figure 9 we have plotted the values of u, T, 0, a for the same moment 0.2327. For the sake of simplicity, several scales for the four quantities have been used. The values refer to the case with an axial magnetic field. As it has already been mentioned, in the case with no magnetic field, the variation is qualitatively the same.
As a first statement, we remark that both electron and ion temperatures reach maximum values for points much closer to the axis as compared to the corresponding ones for the density. It is also worth noting that for a structure such as that of a plane stationary shock wave that results as a characteristic of the first compression stages, the same remark has been made in [8] and [16] . The differences from the plane, stationary wave are caused by the cylindrical structure of our problem [8, 9] . It is noteworthy that the density peak coincides to a velocity level that is in good agreement with the general theory of the shock waves. In other words, behind the shock, where the velocity has a nearly constant value, the density takes a maximum value.
In addition, we remark that the peak of 0 is greater than the peak of T, in this compression stage The characteristic feature of these graphs, is the much greater value of the parameters as compared to the corresponding ones mentioned in the previous section. Also it is to be noted that the peak is found near the axis or even on the axis.
Figures [10] [11] [12] figure 16 . Figure 16 shows a sudden variation of U in the column axis zone ; therefore the inequality U will hold. 
